ABSTRACT Conservation of natural resources is challenging given the competing economic and ecological goals humans have for landscapes. Vernal pools in the northeastern US are seasonal, small wetlands that provide critical breeding habitat for amphibians and invertebrates adapted to temporary waters, and are exceptionally hard to conserve as their function is dependent on connections to other wetlands and upland forests. A team of researchers in Maine joined forces with a diverse array of governmental and private stakeholders to develop an alternative to existing topdown vernal pool regulation. Through creative adoption and revision of various resource management tools, they produced a vernal pool conservation mechanism, the Maine Vernal Pool Special Management Area Plan that meets the needs of diverse stakeholders from developers to ecologists. This voluntary mitigation tool uses fees from impacts to vernal pools in locally identified growth areas to fund conservation of "poolscapes" (pools plus appropriate adjacent habitat) in areas locally designated for rural use. In this case study, we identify six key features of this mechanism that illustrate the use of existing tools to balance growth and pool conservation. This case study will provide readers with key concepts that can be applied to any conservation problem: namely, how to work with diverse interests toward a common goal, how to evaluate and use existing policy tools in new ways, and how to approach solutions to sticky problems through a willingness to accept uncertainty and risk.
INTRODUCTION
Vernal pools in the northeastern United States are ephemeral wetlands that provide breeding habitat to amphibian and invertebrate species adapted to life in these fishless, temporary waters, resting or foraging habitat to a suite of other species, and ecosystem system functions related to hydrology, water quality, and biogeochemical processes [1] [2] [3] . Small, natural features, such as vernal pools [4] are challenging to conserve through traditional regulatory mechanisms, are hard to inventory because they are small and only temporarily inundated, and often are seen as having little ecological value given their small size [5] . Yet there is a vast body of literature describing the role of vernal pools as critical breeding habitat for pool-breeding amphibians in northeastern North America and as critical components of our biological, hydrological, and biogeochemical landscapes [1, [6] [7] [8] .
Unfortunately, the regulatory protections for vernal pools do not reflect the scale of functions scientifically documented by these small natural features throughout the forests in the northeastern US.
Vernal pool ecosystems are particularly hard to conserve as they are inextricably intertwined with adjacent forested habitat for the pool breeding amphibians [e.g., wood frogs (Lithobates sylvaticus) and ambystomatid salamanders (Ambystoma spp.)] that use the pools for at most 3 weeks as breeding sites. These pool-breeding amphibians need intact forested habitat as far as 1,000 ft (~290 m) from the breeding pool to support a significant portion of the adult population and much longer distances for juvenile dispersal [9, 10] . The negative effects of habitat fragmentation, and more specifically, urbanization, on vernal pool breeding amphibians are welldocumented [11] [12] [13] [14] . In this case study, we describe the Maine Vernal Pool Special Area Management Plan (SAMP) that emerged from a collaborative process to address dissatisfaction with existing vernal pool regulation.
CASE EXAMINATION

Existing Vernal Pool Regulations in Maine
Vernal pools are regulated at the federal level under Section 404 of the Clean Water Act [as administered by the US Army Corps of Engineers (ACOE)]. Many are not within the jurisdiction of the ACOE owing to lack of adjacency to waters of the US (defined as "navigable" waters). Determination of regulatory relevance is generally made on a case-by-case basis with limited flexibility to account for landscape setting, distance from other pools or wetlands, or quality of the adjacent terrestrial habitat for pool-breeding amphibians [8] . Under federal regulation in the United States, vernal pools are considered "geographically isolated" wetlands. This designation puts many constraints on their regulation at the federal level, a reality that trickles down to state regulations [1, 7] . Additionally, in Maine, the Maine Natural Resources Protection Act (38 MRSA 480) lays out the statutory authority for the regulation of a small subset of vernal pools that are identified and mapped as Significant Wildlife Habitat by the Maine Department of Inland Fisheries and Wildlife (MDIFW) using narrowly defined biological criteria [8, 15] .
Effort to Create a New Vernal Pool Conservation Mechanism
Creed et al. [8] urge more local and landscape-scale approaches to wetland conservation in place of the current top-down mechanisms that regulate a small subset of the resource as "isolated" units. There has been an effort to address this goal in Maine, USA, through the work of a diverse array of stakeholders to develop a locally driven vernal pool conservation mechanism that recognizes the landscape functions of vernal pools. Regulators at local, state, and federal levels of government, the development community, economists, biologists, planners, land trusts, and municipal officials collaborated to create the Maine Vernal Pool SAMP. These stakeholders came together because of their mutual discontent with the existing federal and state vernal pool regulations (Table 1) . They identified a common goal of tailoring the existing top-down system to one driven by local control with better conservation outcomes for vernal pool ecosystems, more predictability for the regulated community, and support of local goals for growth and resource protection. This experiment in innovation among stakeholders with very diverse missions, and even traditionally adversarial positions regarding wetland conservation, is the topic of our case study.
Background on the Vernal Pool SAMP
Authorized through the Coastal Zone Management Act of 1980 (16 USC 1453 [17] ), SAMPs are comprehensive plans balancing natural resource protection and economic growth. They contain a detailed and comprehensive statement of policies, standards, and implementation mechanisms. Common tools used in a SAMP might include federal and state wetland regulations, municipal ordinances, and marketbased fee structures. As such, they may provide the additional flexibility needed for the regulation and protection of resources that are challenging to conserve.
The Maine Vernal Pool SAMP is a conservation-based mitigation option that acknowledges the unique ecological functions of vernal pools and recognizes that pools embedded in development are not sustainable. The SAMP permits impacts to pools in a specific, preidentified portion of a municipality's comprehensive planidentified growth area called the Designated Development Area (DDA) in exchange for payment of a fee by the permit applicant. The fee is based on a current appraisal of the property that includes a value for the property in its "as is" condition with the vernal pool(s) and a value for the property as if the vernal pool(s) did not exist. The applicant pays a predetermined percentage of the difference between the two values (40% as of this writing) to the municipality. The municipality issues the permit and transfers the fee to a partnering non-governmental organization, most likely a land trust. The land trust then undertakes conservation actions to conserve high-quality vernal pool conservation targets in the rural area of the municipality ( Figure 1 ). Finally, the SAMP is voluntary; a municipality must request authority from the State to implement it, and a landowner impacted by a vernal pool on their property can choose to abide by existing state and federal regulations or to proceed under the SAMP.
The SAMP was the outcome of a multi-year collaborative process based on the participation of a range of stakeholders with different experiences, knowledge, and needs. During this collaboration, trust was developed and power was shared between traditional adversaries, and participants learned from each other and co-created new knowledge [16, [19] [20] . This process encouraged respectful discussion, sharing of ideas and generation of solutions, and, in doing so, created the atmosphere in which participants felt empowered to propose innovative options. Thus, this mechanism is not only noteworthy in how it might protect the resource but also in how it helped reduce conflict between stakeholders who hold different values.
Key Features of the SAMP Approach
We identified six key features of this mechanism that illustrate the use of specific tools and approaches that were coupled with a collaborative approach to balancing local growth and long-term vernal pool conservation (Table 2) . For each feature, we describe how it works and explain the way in which it is useful in this case.
novel application in a new conservation arena The SAMP is being used as a vehicle for a new conservation mechanism for a resource that is dispersed across the landscape rather than as a resource management plan. SAMPs are most frequently used for regional planning by Coastal Zone Management programs, although they can be used at a smaller scale and for a smaller scope [17] . The ACOE Regulatory Guidance Letter 05-09 [18] provides guidance for the use of SAMPs in non-coastal areas. Only a few have previously been approved by the ACOE, including one for wetland preservation in Superior, Wisconsin, and one for bank stabilization and flood confinement on the Upper Yellowstone River.
The Maine Vernal Pool Special Area Management Plan FIGURE 1. Key steps in implementing the Maine Vernal Pool SAMP. In order for a municipality to offer the SAMP as a mitigation option for impacts to vernal pools, it must meet certain criteria and request partial delegated authority from the State, as well as partner with a land conservation organization that will undertake the required conservation actions. The SAMP will be reviewed annually to identify any needed modifications.
landscape-scale approach The SAMP applies a biologically defined landscape-scale approach; that is, an approach to vernal pool conservation that stresses resource connectivity with adjacent forests and wetlands. The landscape approach recognizes that discrete vernal pools in a sea of development cannot function to their full potential.
The biologically defined landscape approach is applied to the regulatory framework in two tangible ways: (1) the avoidance and minimization analysis required for a permit to impact vernal pools is completed across the entire DDA rather than on a pool-by-pool basis; and (2) the location and amount of mitigation required for impacts to vernal pool impacts in the DDA reflects current research into the landscape-scale needs of pool-breeding amphibians. Two pools and adjacent habitat sufficient to sustain pool breeding amphibian species are protected in perpetuity for each pool impacted in the DDA (Figure 2) . delegation of authority State and federal regulators worked together to develop a mechanism that would meet their regulatory requirements, while allowing municipalities to implement the mechanism through their local permitting processes. At the federal level, the ACOE regulates wetlands through the Clean Water Act. Maine has a general permit with the ACOE allowing the Maine Department of Environmental Protection (MDEP) to issue permits for certain types of wetland projects. The State, through the Maine Natural Resources Protection Act (Title 38 MRSA Section 450-F), may delegate its permitting authority to the municipal level. The SAMP uses Landscape analysis is often conducted for watershed plans, but is unlikely to be used in a regulatory framework, when a resource is protected as an isolated unit. The Maine Vernal Pool SAMP mechanism requires a landscape approach in two tangible ways: (1) The location and amount of mitigation required for impacts to vernal pools considers landscape-scale conservation elements for vernal pool resources. (2) The avoidance and minimization analysis required for a vernal pool permit has been done for the entire DDA based on landscape functions of vernal pools 3. Permitting authority (state and federal) transferred to local level Streamlining federal and state permitting usually entails developing a process by which state and federal regulators work more closely together to issue permits The SAMP takes streamlining in a different direction: state and federal regulators worked together to develop a mechanism that would meet their regulatory requirements, and then allows municipalities to set-up and implement the mechanism through their local planning and permitting processes 4. Mitigation fees tied to local economic conditions using an appraisal-based analysis of the impacted property
In this case, the fee calculation is based on an appraisal of the specific impacted property. The fee calculation is based on the difference between the appraised value of the property in its "as is" condition and the appraised value of the property as if the vernal pools were not there. The fee is, therefore, directly tied to site-specific and time-specific economic conditions unlike other more general mitigation fees 5. Role of land trust as a formal partner in supporting municipal goals for both growth and resource protection Land trusts are already beginning to work more closely with their communities to identify conservation goals. This tool takes advantage of that movement and applies it to conservation for mitigation of impacted regulated resources. The innovation is the formal inclusion of the land trust as a partner with the community in implementing the Maine Vernal Pool SAMP 6. Voluntary tool at multiple levels The SAMP provides a voluntary mechanism and expands the options available for working with vernal pool impacts in growth areas without requiring new regulations this hierarchical regulatory structure to move permitting authority from the federal to local level. site-specific mitigation fee Mitigation fees are tied to local economic conditions through appraisal of the impacted property. The appraisal method relies on recent comparable sales, thus linking the mitigation fee directly to current, sitespecific economic conditions. The fee is a percentage of the difference in value of the parcel in its as-is condition with the vernal pool(s) and a value for the parcel as-if the vernal pool(s) did not exist. In 2018, it is 40%. While the use of a mitigation fee to compensate for impacts and fund conservation was not a new concept, Maine's statewide natural resource mitigation program, the Maine Natural Resource Conservation Program, uses county rates, calculated every 5-7 years, to determine the mitigation fee.
formal land trust role Land trusts, which are nonprofit organizations that conserve lands, are a formal partner in implementing the conservation conditions of the SAMP. In the SAMP, a local land trust is responsible for using the mitigation funds collected by the municipality for impacts to vernal pools to permanently conserve high quality vernal pools and surrounding landscapes. Although it is not unusual for land trusts to partner with municipalities in an ad-hoc way or in general conservation planning, formal partnering through a regulatory mechanism that supports municipal goals for both growth and resource protection is unusual. In doing so, land trusts are practicing community-based conservation, the land trust movement to work with communities to identify and protect places important to the community instead of "last best places."
voluntary The SAMP is a voluntary tool at all levels; the current regulations are default if the SAMP is not chosen. Municipalities must apply for delegated authority and set up the structure to implement the SAMP in their
The Maine Vernal Pool Special Area Management Plan jurisdiction; a permit applicant chooses to use the SAMP instead of the standard regulatory process, the local land conservation organization agrees to partner with the municipality, and only willing rural landowners provide conservation opportunities. The SAMP expands options, rather than replacing or amending existing regulations. Finally, the voluntary aspect of the SAMP increased partners' tolerance for novelty and risk by ensuring existing regulations remained in place as a backstop.
DISCUSSION
In this case study, we have demonstrated how an approach to managing small natural features can be constructed through revision and creative combination of pre-existing tools, such as a federal management plan, state wetland regulations, municipal ordinances, conservation best practices, real estate appraisals, and collaborative partnerships. The landscape-scale approach employed in this mechanism has benefit for the natural resources, the regulators, and the regulated community. Case-by-case avoidance and minimization analysis of impacts to vernal pools in highly developed areas are not sufficient to ensure conservation of the landscape connections essential for maintenance of the diverse array of ecological, hydrological, and biogeochemical functions of pools in northeastern forests [6] . Thus, not only does a landscape approach secure enduring conservation for vernal poolscapes in unfragmented forested habitat but also it eliminates the need for developers to spend time and money undertaking an alternatives analysis, and it provides greater certainty and predictability for the permit applicant. This approach reduces the workload of both the federal and state regulators who otherwise must review the alternatives analysis and resulting mitigation packages on a case-by-case basis. It also provides a tool to towns that incentivizes compact, high-density development in certain locations, and preservation of rural character and resources in other locations.
The SAMP's landscape approach goes hand-in-hand with a focus on the local level ecological and economic context, from delegating permitting authority to municipalities, to calculating fees at a site-specific scale, to engaging local land trusts in conservation actions. The SAMP incentivizes compact, infill development, one feature of "smart growth." Using appraisals to determine the mitigation fee helps support the financial feasibility of development projects by developing a fee that is in line with current costs and profits of developing that property. The SAMP provides an incentive for growth and conservation based on the will of the community.
One risk of creating a new conservation tool is that it will not work for one or more of the stakeholders involved in its creation. In the SAMP, this risk was mitigated by a built-in adaptive management mechanism. Adaptive management is the iterative process of assessing how well an existing management mechanism is working and adjusting it as needed.
The ecological and economic outcomes of the SAMP will be reviewed annually and edited or even eliminated if appropriate. The first municipality received authority to implement the SAMP several months before writing this manuscript, with a second municipality in the process of doing so. Although there have not yet been any projects that have used the SAMP to facilitate development and conserve vernal pools, there is a lot of excitement about its potential. If the interest of other communities to start the process of getting delegated authority for vernal pool regulation under the SAMP is any indication, the SAMP has a promising future in Maine.
CONCLUSION
When you have small, dispersed, natural features that depend on connections to larger ecosystems, traditional regulatory methods are often problematic. Shorebird feeding and roosting habitat as well as fisheries resources face similar issues to vernal pools in that they are often difficult to locate and monitor; they, too, are dynamic, and their functions are dependent on the condition of adjacent ecosystems. A non-traditional, voluntary approach backstopped by existing regulation, such as outlined in the SAMP, may be a solution for management of these types of natural resources.
CASE STUDY QUESTIONS
1. How does each key feature of the conservation mechanism address the stakeholder concerns outlined in Table 1? 2. What is a landscape approach to protecting resources and how does the SAMP provide this approach?
3. What are some advantages and disadvantages of a voluntary conservation mechanism?
4. Can you think of any other conservation challenges addressed with traditional regulation that could benefit from the SAMP approach? Explain how specific features of the SAMP could improve management of another difficult-to-regulate resource.
5. Which key feature do you find most interesting and why? Find an example of the use of this feature in another regulatory or management framework and compare how it is used in that example to how it is used in the SAMP.
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